Diagnostic Testing
A nerve conduction study was performed on bilateral upper extremities and demonstrated normal motor responses in the right median, right ulnar, and left radial nerves. There were normal sensory responses in the right median digit and right ulnar digit branches. Borderline reduced amplitude but normal distal latency was observed in the left radial nerve. There was absent sensory response, reduced motor amplitude, and conduction velocity slowing after proximal stimulation with normal distal latency in the right radial nerve. These findings were interpreted as a severe distal right radial sensorimotor mononeuropathy. Electromyography (EMG) revealed denervation of muscle groups supplied by the radial nerve distal to the elbow. Electromyographic testing of the right triceps, hand muscles, and biceps was normal. Magnetic resonance neurography (MRN) without contrast of the right upper extremity demonstrated focally increased signal within the radial nerve at the level of the lateral epicondyle on both T2-weighted and short T1 inversion recovery (STIR) sequences ( Fig. 1) , along with diffuse atrophy of the extensor carpi radialis longus, brachioradialis, and supinator muscles.
Intervention, Operative Findings, and Pathological Diagnosis
Exploration of the right arm both proximal and distal to the lateral epicondyle revealed a fibrous band compressing the radial nerve just as it exited the spiral groove of the humerus and pierced the intermuscular septum into the anterior compartment of the forearm. Distal to this fibrous band, the radial nerve appeared swollen. Internal neurolysis demonstrated a 5-to 6-mm intraneural mass bordered by stretched nerve fascicles (Fig. 2) . The radial nerve was stimulated proximal and distal to this mass, with an EMG response in the brachioradialis muscle but without visible contraction. The mass was excised via intracapsular decompression and sent for pathological examination. Postexcision, repeat radial nerve stimulation proximal and distal to the lesion once again revealed an EMG response in the brachioradialis muscle without visible contraction.
Histopathology revealed amyloid deposits infiltrating both vessel walls and nerve (Fig. 3A) . Congo red staining confirmed the presence of amyloid with apple-green birefringence on polarization ( Fig. 3B and C) . Subsequent mass spectrometry analysis of the specimen was consistent with AL k light chains.
Follow-Up
Subsequent hematological evaluation demonstrated no evidence of systemic disease based on serum protein electrophoresis (SPEP), immunofixation electrophoresis (IFE), and serum free light chain (FLC) assay. The patient refused bone marrow biopsy for definitive diagnosis because she did not wish to undergo chemotherapy. Given the diagnostic information available, consensus opinion was that her disease was isolated to the radial nerve.
Postoperatively, the patient had an increased range of motion in her right third and fourth fingers as well as improved sensation in the right hand. Five months postoperatively, she demonstrated improvement in motor function through an ability to extend her index and fifth fingers against gravity.
literature review
A literature review was performed by searching the PubMed database with the terms "peripheral nerve AL amyloidosis" and filtering for results available in English. This yielded 40 search results, 13 of which reported discrete numbers of patients with AL amyloidosis involving the peripheral nervous system. Four results described cranial nerve amyloid deposits, which were not included in our review. These 13 references are briefly summarized in Table 1 . In all but a few reports, the pattern of nerve involvement is specified.
Vucic et al. reported 4 cases with atypical presentations of neuropathy due to primary AL amyloidosis. 15 Two patients in their series presented with a painful sensorimotor polyneuropathy, 1 with multiple mononeuropathies, and 1 with primary demyelinating polyradiculoneuropathy. After an extensive workup of their neuropathy, all patients were found to have monoclonal protein on serum IFE as well as tissue amyloid suggesting systemic AL amyloidosis. Of note, the third patient underwent thoracic MRI, which revealed thickening of the right brachial plexus. Diagnosis in all cases was achieved between 2 and 4 years after symptom onset. These cases were reported because of peripheral neuropathy manifesting with neither cardiac nor renal symptoms of systemic AL amyloidosis. The first patient was treated with melphalan and prednisone, with stable symptoms and serum monoclonal protein concentration at 6 months. The second and third patients were treated with high-dose melphalan and stem cell transplantation with stable neurological deficits at 1 year and 6 months, respectively. The last patient died of respiratory failure prior to starting treatment. 15 In comparison, the patient in our case had a similar delay in diagnosis of multiple years. She also lacked other common systemic manifestations of AL amyloidosis. Our case is unique because of the involvement of a single peripheral nerve and presentation as an intraneural mass. Besides electrodiagnostic testing, MRN was useful in demonstrating a focal nerve lesion consistent with clinical findings, as well as in guiding surgical intervention. Our patient did not demonstrate plasma cell dyscrasia and was not started on therapy postoperatively.
discussion
Amyloid light-chain amyloidosis is the most common of the amyloidosis diagnoses. It is characterized by a higher ratio of l-subtype/k-subtype light chain expression by plasma cells (nearly 3:1). 12 Abnormal light chain expression leads to insoluble protein aggregates (amyloid) that deposit in organ tissue. The most commonly affected organs are the kidneys and heart. Diagnosis of systemic AL amyloidosis requires the presence of tissue amyloid and plasma cell dyscrasia. Tissue diagnosis can be made via a minimally invasive abdominal fat pad biopsy, with a reported sensitivity of 70%-85%, or a sural nerve biopsy, with a sensitivity of 86%-90%. 15 Plasma cell dyscrasia can be demonstrated by identifying monoclonal light chain via SPEP, urine protein electrophoresis (UPEP), IFE, or serum FLC assay. Bone marrow biopsy showing a predominance of plasma cells producing l or k light chains is also diagnostic. 12 Traditionally, bone marrow biopsy has been necessary for a definitive diagnosis to evaluate plasma cell burden and exclude multiple myeloma. 12 However, Katzmann et al. demonstrated in a study of 110 patients diagnosed with systemic AL amyloidosis that the combination of an abnormal FLC assay with a positive IFE was found in 99% of patients with a tissue-confirmed diagnosis of AL amyloidosis. 9 Clinical manifestations of end-organ involvement include not only nephrotic syndrome and restrictive cardiomyopathy, but also hepatomegaly, orthostatic hypotension, and sensory neuropathy progressing to motor neuropathy. 12 In a study of peripheral nerve involvement in primary systemic AL amyloidosis, Matsuda et al. found that polyneuropathy was generally symmetric and mostly sensory in nature; signs and symptoms of early disease were predominantly noted in the lower extremities, whereas later-stage polyneuropathy was characterized by autonomic dysfunction (for example, orthostatic hypotension and gastrointestinal distress). While physical examination (for example, extremity edema in renal disease and dyspnea on exertion in cardiomyopathy) and tissue biopsy are the most widely accepted methods to assess organ involvement in amyloidosis, multiple imaging modalities have been used to determine the presence of amyloid, particularly in the heart, including scintigraphy with technetium-99m pyrophosphate, echocardiography, and cardiac MRI. 12 Cardiac MRI demonstrating delayed enhancement of myocardial interstitial space may help to distinguish between amyloid and hypertensive causes of ventricular hypertrophy, but MRI detection of amyloid in noncardiac tissues has unknown utility. 12 The treatment of primary AL amyloidosis is primarily aimed at reducing the systemic amyloid protein burden by addressing the plasma cell dyscrasia; supportive therapies (for example, sodium restriction and diuretics for cardiomyopathy) may also alleviate signs and symptoms of end-organ dysfunction. 12 The most effective treatment for AL amyloidosis consists of high-dose melphalan (HDM) followed by autologous peripheral blood stem cell transplantation (SCT). Alternative therapies to HDM and SCT include cyclical low-dose oral melphalan with prednisone, continuous oral melphalan alone, and pulsed high-dose dexamethasone. 2, 12 Newer therapies include the use of immunomodulatory drugs (thalidomide and lenalidomide) and a proteasome inhibitor (bortezomib); these agents can be used with or without dexamethasone. 2 Our patient refused systemic treatment regardless of diagnosis; therefore, the invasive bone marrow biopsy method of definitive diagnosis for systemic AL amyloidosis was not pursued. However, given her normal FLC assay, SPEP, and IFE and lack of symptoms suggesting the involvement of other organ systems, the patient's AL amyloidosis is probably isolated to her right radial nerve. Without an underlying plasma cell dyscrasia, complete local excision is curative. Imaging characteristics of intraneural amyloid have not been well described. In this case, however, MRN showed a focal lesion versus a more diffuse process. In similar patients with nontraumatic mononeuropathy and imaging revealing a focal lesion in the corresponding nerve, intraneural amyloidoma should be included in the differential diagnosis. The timing of an operation should be based on clinical features and disease course.
Fig. 3. Histopathological examination under light microscopy demonstrates amyloid deposits infiltrating a vessel wall (a, arrow) and nerve, amyloid deposit in a vessel wall (b, arrow) and diffusely infiltrating nerve, and apple-green birefringence in nerve and vessels, with sporadic collagen deposits (c, arrow). H & E (A) and Congo red stain (B and C), original magnification ×20. Figure is

conclusions
While it is the most common form of amyloidosis, AL amyloidosis represents a rare disease, and isolated peripheral nerve disease is even rarer. Peripheral nerve involvement in systemic amyloidosis is usually characterized by symmetric polyneuropathy and can even be the first symptom of the disease. A review of the literature has shown peripheral nerve amyloidosis to fall within the context of a systemic plasma cell dyscrasia. However, it is important to recognize unique cases of isolated peripheral nerve AL amyloidosis with an intraneural mass detectable on MRN, as these can be managed with curative resection. At the same time, upon the discovery of peripheral neuropathy attributable to amyloidosis, clinical suspicion and investigation of systemic involvement is warranted because of the progressive nature of the disease toward multisystem organ failure.
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